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Hydac Filtertcchnik GmbH, InduGtriegebiet, 66280 Sulzbach/Saar 
D e vic e for T e sting at L e ast Ono Quality Paramet e r of a Fluid 

FIELD OF THE INVENTION 

The present invention relates to a device for testing at least one quality parameter of a 
fluid in fluid devices such as working cylinders, hydrauhc accumulators, valves, filter housings, 
flexible pressure tubing, etc. 

BACKGROUND OF THE INVENTION 

Subsequently pubhshed DE 102 47 353 discloses a process for reducing the flow 
dependence of measuring instruments for determination of impurities as indication of the quality 
of a fluid, especially solid impurities such as particles in fluids , by means of a . A particle count 
sensor operatin g operates in particular on the basis of the light blocking principle^ m dand is 
mounted in a measuring cell of the measuring devic e, whic h . The measuring device has a 
specifiable input cross-section for the flow of fluidr-th e. The sensor gen e ratin g generates a light 
beam cross-sectional area over which the flow of fluid is conducted for detection of an impurity. 
Particle count sensors operating on the light blocking principle determine the relative proportion 
of the light beam cross-sectional area (perpendicular to the optical axis) which is c overed by 
projection of a pollutant particle in this plane. 

DE 198 60 169 A 1 discloses a process for quahtative determination of small amoxmts of 
water in multicomponent systems in the liquid state of aggregation, oil in particular^-th e. The 
process baiftg-i^characterized by repetition of the following process steps several times: 
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incomplete extraction of moisture from the multicomponent system by m e ans of a carrier 
gas; 

quantitative determination of the amount of moisture extracted by measurement of the 
relative humidity in the carrier gas, the carrier gas volume, and the temperature; and 

conversion to the amoimt of moisture of the multicomponent system after determination 
of the mass of the multicomponent system and the saturation vapor density in the carrier 
gas. 

The disclosed process and device provide the poGsibilitv o fp ermit measuring the absolute 
saturation concentration of moisture in fluids such as hydraulic oil^^ ^. The p arameter 
determination in question in tum p e rmittin g permits formulation of a statement regarding the 
quality of the oil. 

DE 101 52 777 Al discloses a device for determination of the quality of a medium, a 
lubricant and/or cutting oil in particular, having several sensors which gen e rat e an generatinig an 
electric output signal as a function of the respective sensor-specific input quantitv^-^n e. One 
sensor being is a temperature sensor which g e nerato s generating an output signal which is a 
fimction in essence exclusively of the temperature of the medium and is essentially independent 
of the quality of the mediu m, and a t . At least one other sensor gen e ratin g generates an output 
signal as a function both of the quality of the medium (fluid) and of the temperature of the 
medium. ^ ^These sensors in qu e stion are in the disclos e d solution mounted on a common 
substrate immersible in the fluid, so that the measuring device disclos e d is mounted in a very 
small structural space. 
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The disclosed measuring devices and processes indicated in the foregoing make available 
a very good set of instruments for determination of quality parameters for fluids, including media 
in the form of a gas and/or paste. The resp e ctive Those measuring devices may also be 
supplemented by chemical analysis processes, for example, in order to arrive at determinations 
regarding free radicals in a hydraulic oil, temperature, viscosity, pH value, electric conductivity, 
etc. Such devices entail a prolonged measurement or determination period depending on the 
measuring process employed, along with the associated measurement device and depending on 
the quality parameters of the fluid to be determined. Out of consideration of reasons of process 
accuracy, length of the measurement period, and the-validity of the test result^ it has been found 
to be advisable to use such quality measurement processes directly on test stands where the 
operation of fluid devices such as hydraulic assembhes, valves, filter housings, flexible pressure 
tubing, etc., may be tested. Use of the respective operating fluid is necessary, on location, in 
ord e r to verify the quality of the fluid thtts-used by m e ans of the measuring device, if possible 
simultaneously with testing of the assembly. In this way^ determination is made of the suitability 
of the r e sp e ctive fluid device for subsequent operatio n in order , in turn, to obtain a broader 
indication of the quality of the preceding production steps with respect to the fluid device 
(assembly) which has been or is to be tested. 

On the basis of thooo conGidorationa, th o SUMMARY OF THE INVENTION 

An object of the present invention accordingly is to efeate -provide a device meeting the 

r e quirement as outlin e d, above requirements. 

The object as thus d e fin e d is is basically attained by m e ans of a device having th e charact e ristics 
specifi e d in claim 1 in its e ntir e ty. 



Th e d e vice claim e d for the invention for testing at least one quality parameter of a 

fluid of fluid devices is-characterized in that at least occasionally a specified volume of fluid is 
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received into at least one fluid space of a particular fluid device and, after leaving the fluid 
device, may be stored in a storage device by m e ans of a control device in order subsequently to 
be fed further to a measuring device for determination of the respective quality parameter of the 
fluid to be determined. 

If a fluid device has been produced, for example, in the form of working cylinders, 
hydraulic accumulators, valves, filter housings, flexible pressure tubing, etc., and is placed on a 
testing stand, the functional testing generally has been preceded by a plurality of production 
steps involving machining to some extent, something which usually results in fouling of the fluid 
spaces of the respective fluid device. Fouling occurs even if no machining has been carried out, 
either in the form of dust or in the form of operating media such as corrosion protection means, 
lubricants, other hydraulic media, etc. If delivery is then made to customers, after appropriate 
functional testing, in which the operating fluid is admitted to the respective fluid device, fouling 
matter remaining in the fluid spaces could impede subsequent operation and result both in failure 
of the respective fluid device and failure of all-hydraulic unit, even if such units are additionally 
protected by filter devices or the like. 

It has been found in practical applications that the -this danger in qu e stion m ay be reduced 
if on the test stand the fluid mediiun is applied to the fluid spaces of the fluid device involved 
several times in a sort of scavenging process and th e . The spaces are then emptied of the fluid 
medium in order to obtain a yield at least of fouling particles. However, even if a very high 
nimiber of scavenging processes are carried out^ the possibility cannot be excluded that in a 
special case fouling material may remain in the fluid space and then result in the adverse effects 
indicated in the hydraulic circuit in subsequent operation of the fluid device. In ord e r to To 
prevent such occurrenc e, it is claim e d for the according to the present invention-feat, after the 
scavenging cycle has been completed, the last amount of fluid introduced is subjected to 
thorough testing by the appropriate measuring device. If the fluid space is small because of the 
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geometric dimensions of the respective fluid device, the volume of fluid involved may be taken 
directly to the measurement device for online measurement if the amount of fluid present in the 
fluid space is sufficient for such online measuremen t; otherwis e . Otherwise, the amoimt of fluid 
required for reliable online measurement may be collected and made available by the device 
claim e d for the of the present invention. With fluid devices of large dimensions in particular, 
however, the fluid volumes of the fluid spaces are also large, so that with the online 
measurement process as outlined a very lengthy measurement period elapses before the entire 
volume of fluid is teste d, with the result that the . The test stand then continues to be occupied 
and may not be used for testing of another fluid device to be introduced into the test stand. The 
presenLinvention is introduced at this pointy and takes from the large amount of fluid the amount 
required for online measurement. The device claimed for the of the present invention is 
especially well suited for applications in which only brief testing or measurement periods are 
available. The measurement stand itself accordingly assumes very high measurement cycles and 
amounts of fluid which depart from the optimum measurement volume, for example, because the 
amounts of fluid employed are very small or very large. 

The device claim e d for of the present invention now makes it possible for the amount of 
fluid of the last scavenging cycle to be introduced by means of a control device into a storage 
device and from the lattei ^storajge device t he fluid to be tested may be moved on to the measuring 
deviccrtbe -. The c ontrol device simultaneously p e rmitting permits change of the fluid device to 
be tested on the test stand. Replacement of the fluid device may accordingly be undertaken 
while the measurement (testing) proper for the preceding fluid device is still in progress. Hence, 
the device claim e d for tho of the present invention is especially well suited for quality parameter 
checking in fluid devices if large volumes of fluid are to be tested and/or only brief measurement 
periods are available for this or other reasons. Because of the intelligent configuration of the 
control device, preferably as microprocessor equipment, it is possible to use fluid devices having 
fluid spaces of smatl dimensions to conduct online testing or testing after a prescribed delay 
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period . Also , it b e ing is possible to use the measurement period in question to effect the desired 
replacement on the test stand. The device claim e d for of th ethe present invention accordingly 
helps in lowering the expenditure of time and costs and, because of the solution applied, may be 
suitably employed in a multiplicity of embodiments. 

By preference^ the storage device in qu e stion consists o f includes a working cylinder, in 
particular one in the form of a pneumatic cylinder which may be connected on the piston side by 
way of a feed line so as to conduct fluid to the associated fluid space of the fluid device by 
means of t he control deviccr-tbe -. The m easurement device beieg-is mounted in the direction of 
flow of the fluid beyond the working cylinder in a discharge line. If the volume of the storage 
unit is sufficiently large, if desired several quantities of fluid may be stored for several 
consecutive rinse cycles and then recalled for the overall measurement. This arrangement 
permits a statistically improved, firmly established, evaluation and accordingly overall state 
regarding the quality of the fluid device produced. 

The device claim e d for of th ethe present invention may be used in particular to obtain a 
reliable indication of the fouling status of the fluid to be tested and thus of the fluid device. 
Should such be desired, in addition to determination of the number of (fouling) particles, 
depending on the measurement device employed indications may also be obtained of the size, 
type, and speed of the particles present in the fluid to be tested. The respective quality parameter 
test may be fiirther supplemented by other values such as viscosity, temperature, firee radicals, 
pH values, electric conductivity of the fluid to be tested, etc. 

Additional advantageous embodim e nts ar e pr e sented in the other dep e ndent claims 

Other objects, advantages and salient features of the present invention will become 

a pparent fi-om the following detailed description, which, taken in conjunction with the annexed 
drawings, discloses a preferred embodiment of the present invention . 
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The device claim e d for th e inv e ntion will b e described in what follows on the basis of an 

oxemplarv ombodiment with rofcronc eB RIEF DESCRIPTION OF THE DRAWINGS 

Referring to the drawingr^B which th ^fonns a part of this disclosure which is pr e sent e d 

in th e sole drawing, in diagrammatic form not drawn to scale , th e stmctur e of the : 

Fig. 1 is a schematic diagram of a device claimed for th eaccording to an exemplary 

embodiment of the present invention for testing a hydraulic working cylinder after completion of 
a specifiable number of testing and scavenging cycles, the hydraulic device carrying out the 
scavenging cycle being omitted for the sake of greater simplicity of presentation. 

DETAILED DESCRIPTION OF THE INVENTION 

The device shown as a whole in th e figure Fig. 1 serves the purpose of testing at least one 
quality parameter of a fluid in fluid devices, such as one in the form of a hydraulic working 
cylinder 10. AThat fluid device such as this at least occasionally receives a specified volume of 
fluid in at least one fluid space. In the present situation^ the hydraulic working cylinder 10 has a 
fluid space 12 on the rod side and a fluid space 14 on the piston side. The respective volume of 
fluid, after leaving the fluid device, in this instance in the form of the hydraulic working cylinder 
10, may be stored by means of a control device identifi e d as a whol e by 16 in a storage device. 
Ther e ar e associat e d A ssociated with the fluid space 12 ^is a first storage device 1 8 and with 
fee -. The fluid space 14 on the piston side is associated with another or second storage device 
20, which is essentially the same in design as the first storage device 18. The volume of fluid 
may be moved fi"om the storage device 18, 20 to an associated measurement device 22, 24; 
which s e rv^ e s to determine the respective quality parameter of the fluid. The measurement 
devices in qu e stion are essentially equivalent to each other. 
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A measurement device 22, 24 such as is described in DE 102 47 353 may be employed as 
the respective measurement device 22, 24. The measurement device as described carries out a 
process for reducing the dependence of the respective measurement devices on flow for 
determination of impurities, especially fouling by solids such as particles in fluids, by m e ans of a 
particle count senso r, esp e cially on e operatin g . Especially, the particle count sensor operates on 
the light-blocking principle^ and is_mounted in a measuring cell of the measurement device 
having a specified inlet cross-section for the flow of fluidr-fe e. The sensor g e n e ratin ^ generates a 
light beam cross-sectional area over which the flow of fluid is conducted for detection of the 
impurity in the flow of fluidr4he -. The light beam cross-sectional area selected for the direction 
of flow of the fluid beiag-is greater than such area transverse to the point of entry of the impurity 
into the light beam cross-sectional area. 

Th e r e is thus obtained a The light beam cross-sectional area, preferably generated 

by a conventional laser, of the particle count sensor wbieh -then does not illuminate the complete 
cross-sectional area of the measuring cell, but on the other hand is distinctly of greater extent in 
the direction of flo w, with th e. As a result-that^ even markedly small (fouling) particles, such as 
ones of a size of 2 |jm, can be immediately detected without increase in the cost of measurement 
with the equipment moimted downstream. An evaluation process suitable for such a particle 
counter is described in detail in DE 197 35 066 CU and thus^ will not be dealt with at described 
in g reater length-fe^. However, the device disclosed makes it possible reliably to detect even 
the smallest particle. The possibility also exists of detecting air bubbles in the flow of fluid m 
order t o arrive at permissible statements concerning the quality of the fluid which may also result 
firom different particle geometries. 

Th e r e spectiv e Each storage device 16, 18 consists o f comprises a working cylinder, in 

particular one in the form of a pneumatic cylinder of conventional design, which may b e 
connected on the piston side by way of a feed line 26 so as to conduct fluid to the fluid space 12, 
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14 of the fluid device associated with it by m e ans of the control device 16r^^e -. The respective 
measurement device 22, 24 being-is_mounted in the direction of flow of the fluid downstream 
from the pneimiatic working cyhnder in a discharge line 28. This discharge line 28 extends from 
the measurement device 22, 24 by way of t hrough an adjustable choke 30 to the tank side T of 
the device. 

The working cylinder of each of the two storage devices 18, 20 has a piston rod 32 with a 
through fluid duct (not shown) which discharges discharging on one side into the respective 
piston space 34 of the working cylinder and on its other side into a connecting line 36, which in 
turn may be blocked by the control device 16. As an An extension of the connecting line 36 it 
discharges on the tank side T. The rod side 38 of the respective working cylinder is connected to 
a compressed gas source 40, in particular one in the form of a compressed air or nitrogen source^ 
this -. This source providin g provides an operating pressure of several bar, such as 6 bar. In 
addition, the movement of displacement of the piston 42 is monitored by a monitoring device 44 
as part of the control device 16 with end position switches. 

The control device 16 has switching valves, in particular ones in the form of 2/2-way 
switching valves 46, 48. The switching valves 46, 48 are shown in the figur eFig. 1 in their 
output blocking positionj^whe n. When in their other switching position, after they have been 
operated, they clear the path for the fluid. These switching valves 46 and 48 clear or close the 
fluid conducting path for the feed line 26 and/or the connecting line 36. The control device 16 
uses the output signals of the monitoring device 44 in the form of the four end-position switches 
shown in th e figuro F ig. 1 to operate the switching valves 46, 48. A pressure control valve 50 is 
connected to the respective feed line 26 to the pneumatic working cylinder, between the latter 
working cylinder and the associated switching valve 46 of the control device 16. This pressure 
control valve 50 in turn leads to the tank side T. 
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For the sake of better understandings the device claim e d for the according to an exemplary 
embodiment according to the present invention will now be described on the basis of a practical 
application. The hydraulic working cylinder 10 shown in the figure comes from the factory and 
imdergoes thorough functional testing on a test stand not shown. Since machining processes are 
also involved in the production of such hydraulic working cylinders, it is to be e xp e cted that 
th e r e may b e the presence of fouling material in the fluid spaces 12, 14 which may also is 
expected and may derive from residue of cooling lubricants or the like. Before the device is 
employed in a practical application the hydraulic working cylinder 1 0 is scavenged, that is, a 
fluid is alternately introduced into and removed from the fluid spaces 12, 14 , this s e rving . This 
scavenging serves t he purpose of eliminating fouling material from these fluid spaces. Once 
such a-scavenging cycle has been completed, first thorough testing is effected by the associated 
measurement device with the piston in the fluid space 1 2 retracted on the rod side. For this 
purpose, the control device 16 opens the switching valve 46 and fluid flows over the feed line 26 
into the first storage device 18. 

If the switching valve 48 remains closed, the quantity of fluid introduced into the feed 
line 26 may serve the purpose of scavenging both the valve 46 and the measurement device 22, 
along with the piston space 34 of the storage device 18. If the switching valve 48 is closed, fluid 
is forced imder pressure into the piston space 34r-fe e. The piston rism g42 then rises to an upper 
end position which is checked or indicated b y the monitoring device 44. The fluid now present 
in the piston space 34 is then to be delivered to the associated measurement device 22 for the 
examination for the presence of particles already described. If, surprisingly, high pressures 
occur, the proper state of the system is secured by the pressure control valve 50, which to this 
extent performs a safety function. The control device 16 now closes the switching valve 46 and, 
as a result of actuation of the compressed gas source 40, pressurized gas reaches the rod side of 
the pneumatic cylinder afi dl8 causing the piston 42 meve sto move downward as viewed in the 
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lin e of sight to th e figur e . th e F ig. 1. The lower end position b^Hg -of piston 42 is monitored or 

indicated b y way of the associated end position switch of the monitoring device 44. 

The fluid displaced by the piston 42 then moves into the measurement device 22 by way 
ef-the drain hne 28 for the particle count indicated and thence to the tank side T by way of yia the 
adjustable choke 30. The measurement cycle proceeds in a similar manner as soon as the 
amount of fluid in the piston fluid space 14 has been displaced in the direction of the other 
storage device 20 by retum of the piston of the hydraulic working cylinder 10. If the two 
switching valves 46 are then in their blocking position illustrated in th e figur e Fig. L during the 
particle measurement itself by the measurement devices 22, 24 the working cylinder 10 which 
has been present in the test stand up to this point is replaced by a new one^r^h e. The 
measurement result for the preceding working cylinder tested by the measurement devices 22, 24 
also beifig-is_present on completion of the replacement. In this way the testing cycle, along with 
the testing device, is not harmed and very reliable test results are obtained in this instance by the 
device indicated. 

Nor is it necessary to test each working cylinder. Hence, for example, only some of the 
working cylinders deriving from a processing series need be tested, by conduct o f conducting 
statistical evaluation processes. The measuring device used for the purpose is suitable in 
particular for fluid devices, such as large hydraulic working cylinders 10 having fluid spaces 12, 
14 with large volumes. As a rule, the possibihty also exists of introducing several scavenging 
amounts in succession into the respective storage devices, as a function of the size of the 
hydraulic working cylinder 10, and then later of determining their quality by measurement. 
Consequently, the device claim e d for th e of the present invention is especially well suited for 
large volume flows and for measurement periods available only for a short time. 
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If the hydraulic device is of small dimensions, and se-the fluid spaces 12, 14 of a 
hydraulic working cylinder 10, for example, are of low volume, the storage device 18, 20 is also 
of assistanc e, so that m e asur e m e n t . Measurement with the measurement device 22, 24 may then 
be effected online during a process of introduction and removal of a cylinder. In this instance^ 
the respective switching valve 46 in the feed lines 26 is to be actuated. In the respective online 
measurement process with low volumes of fluid, the piston 42 of the respective storage device 
18, 20 moves to its respective associated position^this -. and may be suitably effected by way of 
the control device. 

The device claim e d for th e of the present invention need not be restricted to hydraulic 
working cylindersi-a s. As a rule, it is suitable for use with fluid devices of any form into which a 
specifiable quantity or volume of fluid is introduced periodically. Consequently, applications for 
hydrauUc accumulators, hydraulic valves, flexible pressure tubing, etc., are also conceivable. 
Nor need measurement be restricted to particle evaluatio n: d e pendin g . Depending on the 
particular measurement device employed, other data may be obtained, such as firee radicals in oil, 
pH values, electric conductivity, consistency, viscosity, etc. 

While one embodiment has been chosen to illustrate the present invention, it will be 

understood bv those skilled in the art that various changes and modifications can be made therein 
without departing fi*om the scope of the present invention as defined in the appended claims. 

What is claimed is: 
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DEVICE FOR TESTING AT LEAST ONE QUALITY PARAMETER OF A FLUID 



ABSTRACT OF THE DISCLOSURE 

A device tests at least one quality parameter of a fluid in fluid apparatuses, e.g.. working 

cylinders (10), hydraulic accumulators, valves, filter housings, pressure tubes, which at least 
temporarily accommodate a given fluid volume in at least one fluid chamber (12, 14). The fluid 
volume is stored in a storage unit (16) with the aid of a control mechanism (16) after being 
discharged from the fluid apparatus in order to be redirected fi'om there into a measuring element 
(22, 24) to verify the respective quality parameter of the fluid. The inventive device makes it 
possible to specifically obtain a statement about the operabilitv of the respective fluid apparatus 
within a very short period of time. 
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